Williams Syndrome (WS) is a rare neurodevelopmental disorder, which stems from a genetic deletion on chromosome 7 and causes a profound weakness in visuospatial cognition. Our current study explores how orientation perception may contribute to the visuospatial deficits in WS. In Experiment 1, we found that WS individuals and normal 3-4 year olds had similar orientation discrimination thresholds and had similar prevalence of mirror-reversal errors for diagonal targets (±45 deg). In Experiment 2, we asked whether this immaturity in orientation discrimination would also be reflected in a task requiring integration of oriented elements. We found that sensitivities of WS individuals for detecting orientation-defined contours were higher than sensitivities of normal 3-4 year olds, and were not significantly different from sensitivities of normal adults. Together, these results suggest that orientation discrimination and orientation integration have different maturational trajectories in normal development and different susceptibilities to damage in WS. These may reflect largely separate visuospatial mechanisms.
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Introduction
Orientation perception is a fundamental property of the visual system, which may limit several aspects of visuospatial functions. In order to identify objects correctly, one must be able to detect and integrate orientation information. For example, the letters N and Z have similar configurations, but have orthogonal orientations. Failure to discriminate among horizontals, verticals, right obliques and left obliques would result in the perception of novel symbols or wrong letters. Moreover, combination of orientation information is necessary for formation of contours and objects. When local orientations are aligned (i.e. collinear), global contours (Field, Hayes, & Hess, 1993) are more easily detected.
Although much is known about the mechanisms involved in detecting and discriminating oriented elements, little is known about how information from individual oriented elements is integrated into contours, particularly in development. Understanding the characteristics of orientation processing in immature and abnormal systems may elucidate the developmental mechanisms underlying visuospatial processing and their role in higher-level functions such as spatial cognition and object recognition. Thus, we examined the relationship between orientation discrimination and integration of orientation information in typically developing children and in individuals with Williams Syndrome (WS), a genetic disorder resulting in severe visuospatial impairments (Bellugi, Lichtenberger, Mills, Galaburda, & Korenberg, 1999 ).
Williams Syndrome
WS is a developmental disorder associated with a microdeletion of about 20 genes on chromosomal region 7q11.23 (Lenhoff, Wang, Greenberg, & Bellugi, 1997) . WS occurs in 1 out of 7500 live births (Stromme, Bjornstad, & Ramstad, 2002) . It causes mild to moderate mental retardation (mean IQ of 60), but is typically associated with relative strength in language despite severe weakness in visuospatial tasks (Bellugi et al., 1999) .
Orientation discrimination
The study of orientation discrimination in people with WS is particularly relevant because one of the hallmarks of their spatial deficit is severely impaired representation of orientation, at least as measured so far. Using the Benton judgment of line orientation task (JLOT), early studies showed that many WS participants failed even the pretest, which requires two consecutive correct answers out of 5 relatively easy items (Wang, Doherty, Rourke, & Bellugi, 1995) . By contrast, these same early studies showed that WS performance in the Benton face recognition task is very close to normal adult performance (Bellugi et al., 1999; Wang et al., 1995) , even though it requires recognition of the same face over different orientations. This suggests that representation of orientation in WS may be relatively normal for their chronological age under some circumstances (e.g. face recognition) and not others (e.g. line orientation discrimination).
